
'-Inc Iass ified
777:71 C. s5.MAiI0N OF Tm-ft PAGE t 3 ILt (

REPORT DOCUMENTATION PAGE
1b. RESTRICTIVE MARINGSA D-A 208 441 3.OSR8TOIVIAIIY FREPORT dsrbto

2b. DECLASSIFiCATION J DOWNGRADING SCHEDULE unl imi ted.

4- PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

64. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

R-ENSSELAER POLYTECHNsIC :N017. (f ONR

6c- ADDRESS (City, State, anld ZIC~e) 7b. ADDRESS (City. State. and ZIP Code)

1Depr. of Chemistry Department of Navy
Troy, NY 12180-3590 Arlington, VA 22217

Ua. %AME OF FUNDINGI/SPONSORING Ob. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDEN. :ICATION NUMBER
ORGANIZATION (if applicable)

ONR
i~ 8< - ORES5 (Ciry. Srte, ano'ZIPCode) 10 SOURCE OF FUNDING NUMBERS

Deateto ayPROGRAM PROJECT TASK WORK UNiT
DepartEnt NO Navy ACSSONN

Arlington, VA 22217 2flfl4-5-K 6I--LI032 2-,2 I
11 --LE (Irncluot Secury CIasutication)

77ECH. REP?P16'-6-LE'NDS OF POLYENAY.INONITRIL1ES - UNCLASSIFIED

12 0=R;SONAL AUTHOR(S)A
'.A. . ocre and J-h;eun& Kz

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 115. PAGE COUNT

Dub 1 icatign IFROM TO June, 1999
1-6. SUPPLEMENTARY NOTATION

PROC. POLYM. SCI-. MAT. ENG. 61, XXX(1989)

17.. COSATI CODES Ia. SUB.ECT TERMS (Continue on reverie if necessary and identify by block numb-er)
IFIELD GROUP Sue-GROUP

1 9 ,BSTRACT (Conwnue on rewo-f if necessary and identify by block number)

Poly(enaminonitriies) cnansrtua! elements which have sufficient vrgb a
capability that these ?oiv-::.rs can orn, COMPaZIble blends by solutf-on castirng w4 th -?nl mers
such as -po'ytethlene o-::ide5,part al icbe~ povethyl. oxazoline& and Dolv v -L
Pvr dlr14 --":rcfble over the wholep concentrationl range)Y The properties ol t nese 'rerbr~nes
are describ e(: and their Dotential use as separation membranes is consz-cere...

JUN0 5 1989F '0'
U 89 6 0210

20 DiSTRIBuTION IAVAILABILITY OF ABSTRACT 121 ABSTRACT SECURITY CLASSIFICATION
Z3UNCLASSIFIEDAJNLIMITED C3 SAME AS RPT C3T:C --"zEO Unclassified

22S AMEOF RSPOSIBL INIVIDAL 2b.TELEPHONE (includep Area Cooe) 22c. OFFICE SYMBOL
Kenneth j. '4Vnne (702) 5~96-4,1101

00 FORM 1473,84MAR 83 APR eojtowi'ayee~useauntiloi'llausted. SECURITY CLASSIFICATION OF THIS PAGE
All O'hEmr eoitom are obsolete



Office of Naval Research
Contract N0014-85-K-0632

R & T Code 413c014

Technical Report No. 16

"Blends of Poly(enaminonitriles)"

by

J. A. Moore and Ji-Heung Kim

To be published in

Proc. Polym. Sci. Mat. Eng., 61 , xxx (1989) AooSiOfn For
JITIS GRA&I
DTIC TAB
11k:Alunoed

Department of Chemistry j-

Rensselaer Polytechnic Institute
Troy, New York 12180-3590 Distribution/

Availability Codes

-ii & aiiMIor
DMet Sposial

June, 1989

Reproduction in whole or in part is permitted for any purpose of the
United States Government.

This document has been approved for public release and sale; its
distribution is unlimited.



BLENDS OF POLY(ENAMINONITRILES)

J. A. Moore. J i - Hieung Kim. Department of Chemistry
Rensselaer Polytechnic Institute

Troy, NY 12180-3590

INTRODUCTION

Polyenaminonitriles (PEANs) are novel, high molecular weight,

film-forming polymers which have excellent thermal stability and
good mechanical properties. This polymer exhibits an exciting array
of physical properties and chemical behavior. In this paper. we
report lower critical solution temperature (LCST) behavior of PEAN in
polyether solvents and its ability to form blends with several
polymers, especially good proton-acceptors such as poly(vinyi
pyridine), poly(ethylene oxide), poly(ethyl oxazoline) and poly(vinyl
pyrrolidone).

Various authors have commented on the potential usefulness of
miscible blends. 1, 2 . 3 Interest is growing in the use of blends as
barrier materials and as membranes for separation processes. The
observation of a single concentration dependent glass transition
temperature (Tg) between the Tg of the component polymers is
usually taken as evidence of miscibility of the blend of polymers.
even if one or both of them crystallize. Hydrogen bonding, acid-base
and/or dipole-dipole type interactions are mainly responsible for the
observed polymer-polymer miscibility. The variation of -- with
composition is reported here as determined by differential °canning
calorimetry(DSC). Fourier-transform infrared(FT-IR) spectrometry
was used to study the specific hydrogen bonding interactions
involved in these blend systems.

EXPERIMENTAL

Materials

Three different polyenaminonitriles were synthesized by using
the typical procedure we have developed. 4 Their structures and
characteristics are shown in Table I. Poly(4-vinyl pyridine) (P4VP)
and poly(2-vinyl pyridine (P2VP) were obtained from Polyscience,
Inc., with molecular v-eights of 50,000 and 40,000 Daltons,
respectively, and used without purification. Poly(ethyl oxazoline)
(PEOX) with a molecular weight of 200,000 Daltons was generally
provided by the Dow Chemical Co., and purified by precipitation of a
MEK solution into a large volume of n-hexane and dried under
vacuum at 80 'C for 2 days. PEO with average molecular weight
100,000 Daltons, was purchased from Aldrich Chemical Co.. Poly(N-
vinyl pyrrolidone) (PNVP) from GAF Chemicals Co., PVP K-90, was
used.



Cloud Point Measurements

Cloud points of PEAN in glyme solvents were measured by a
scattering method using a laser source or could be detected easily by
visual observation. Polymer solutions were placed in stoppered test
tubes immersed in an oil bath which was heated at a rate of
approximately I 'C/min. The temperature at which the scattering
intensity increased abruptly was taken as the cloud point. A typical
scattering intensity vs. temperature curve is shown in Figure 1.
Duplicate measurements were reproducible to ±0.5 °C.

Blend Film Preparation

Blends were prepared by solution casting from DMF as the mutual
solvent. The total polymer concentration in the solution was 3-4 %.
The blended samples were cast on aluminum pans or glass plates and
evaporated at 50 'C under nitrogen flow. The cast films were dried
at 80 'C in a vacuum oven for 2 days and kept in a desiccator prior to
measurement. The samples for FT-IR analysis were cast on a NaCI
plate using the same drying procedure.

DSC Measurements

Thermal analysis studies were performed on a Perkin-Elmer
System 7 differential scanning calorimeter interfaced with a Perkin-
Elmer Model 7500 computer. A heating rate of 20K/min was used in
all measurements. Sample sizes ranged from 5 to 10 mg. The glass
transition temperature was taken as the midpoint of the heat
capacity change. Usually the first scan did not show Tg clearly
bacause traces of solvent remained in the film. The Tg values from
the second run are reported.

FT-IR And NMR

Fourier transform infrared(FT-IR) spectra were recorded on a
Perkin-Elmer Model 1800 spectrometer at a resolution of 2 cm- 1 . A
minimum of 64 scans were averaged and the spectra stored on a
magnetic disc. NMR spectra were recorded on a Varian Model XL-
200 spectrometer.

RESULTS AND DISCUSSION

Lower Critical Solution Temperature (LCST) Behavior
of PEAN in Polyether Solvent

PEAN showed LCST behavior in polyether solvents, and this
behavior looks quite general in almost all the PEANs with different
structure synthesized in our group. The cloud point curve of 1,3
PEAN in a series of glyme solvents are shown in Figure 2. As the
number of oxyethylene repeating unit increases in the solvent,
C1130-(CT12CI1 2 0)N-CH 3 , the cloud point increases and then tends to
level at higher value of N. The same trend were observed in the
cloud point data of two other polymers. Their cloud point curves are



shown in Figure 3. The phase separation process was totally
reversible in 1,3 PEAN and PEAN 2. On the contrary, 1.4 PEAN
showed irreversibility, in other words, this polymer precipitated
from solution and did not redissolve. It seems that this behavior
arises from the more ordered structure of para-linked 1.4 PEAN that
might induce the polymer chain to orient and pack regularly to give
a less soluble macrostructure during the phase separation process.
The cloud point temperature is related to the structure of the
polymers. Polymers with more flexible chains exhibit better
solubility and higher cloud points. LCST behavior and increasing
solubility in higher glyme solvents implies the possiblility that PEAN
may form blends with high molecular weight PEO.

P4VP/ PEAN Blend

Blends of P4VP with 1,3 PEAN. 1.4 PEAN and PEAN 2 are miscible
over the entire composition range. Films cast from mixtures of the
two polymers in DMF are completely transparent and each blend
exhibits a single Tg which varies smoothly with composition between
the Tg values of the two component polymers. The Tg-composition
curve of P4VP/I,3 PEAN blend is shown in Figure 4.

FT-IR spectra of the P4VP/1,3 PEAN system suggest that hydrogen
bontding interactions are involved in stabilizing these blends.
Figure 5 shows representative scale-expanded infrared spectra of the
N-1l stretching region of pure 1,3 PEAN and its blends. As the
concentration of P4VP is increased, the N-H band originally centered
at 3240 cm-1 shifts to lower frequency around 3190 cm- 1 . NMR
spectra of model compound, 1,3-bisl2,2-dicyano-i-(4-phenoxy
phenyl)amino vinyl] benzene, also suggest very strong interaction of
the -NH proton with pyridine. The NH proton peak originally at 9.96
ppm in aceton shifts downfield more and more and undergo peak
broadening as pyridine-d5 is added to the solution in NMR tube.

In contrast to the observed miscibility between 1,3 PEAN and
P4VP, P2VP was found to form immiscible blends with 1.3 PEAN.
Figure 6 shows DSC traces of this blend system. Only blend film
composed of 10 wt% P2VP was clear. From 20 wt% P2VP on. the
films began to be translucent and became completely opaque at
higher concentrations of P2VP. Two clear separate Tg indicate the
immiscibility of this system. Probably more sterically hindered
surroundings compared to the P4VP/I,3 PEAN system must prevent
strong interactions between these two polymers. FT-IR of the blend
also suggests much reduced interaction of NH protons. Very small
shifts and shape change were observed for the NH band compared to
the P4VP/I,3PEAN blend system. In relation to this result, it
seemed useful to check the solubility of 1,3 PEAN in 2-picoline(2-
methyl pyridine) and 2,6-lutidine(2.6-dimethyl pyridine). The
polymer was soluble in both solvents. But, interestingly, a polymer
solution in 2,6-lutidine showed LCST behavior with a cloud point
around 60 'C. and this process was totally reversible. 2-Picoline
solution didn't show any phase separation up to the boiling
temperature of the solvent.



PEOX/I.3 PEAN Blend

Poly(ethyl oxazoline) is a new water soluble polymer. Many
miscible blends have been reported with this polymer. PEOx is
considered to be a good hydrogen bonding acceptor because of the
slightly 'basic nature of the substituted amide structure. It is
expected, therefore, to form miscible blends with
polyenaminonitriles. The Tg-composition curve is shown in Figure 7.
A single Tg over the whole composition range indicates complete
miscibility between these two polymers. IR spectra of blends
suggest strong hydrogen bonding interactions as evidenced by a shift
of the NH stretching band region shown in Figure 5.

PNVP/I,3 PEAN Blend

Poly(N-vinyl pyrrolidone) which contains a substituted amide
group similar in structure to that in PEOX should also be miscible
with PEAN. The Tg-composition curve is shown in Figure 8.
Composition dependent single Tg over the entire range indicates
complete miscibility of these polymers and almost same pattern of
NH shift was observed by IR spectroscopy.

PEO/I,3 PEAN Blend

PEO was expected to be miscible with PEAN because PEO is one of
polymers that are relatively weakly self-associated but contain sites.
the oxygen atoms, which are capable of forming a strong interaction
(hydrogen bonding in this case) with PEAN. Further, the solubility
property of PEAN in polyether solvents suggests strong interaction
between these two polymers. However, the phase behavior of
PEO/l,3 PEAN blend does not seem to be simple to explain.
Crystallization of PEO in the blend and phase separation at certain
compositions and temperatures seems to make thermal analysis
more complicated. 10, 20, 30, 50 wt% PEO blend films cast from DMF
were clear visually. But the 30% and 50% blend samples showed
small, broad melting exotherm around 55-60 'C indicating
development of PEO crystalline phases. Another interesting fact is
that phase separation was observed clearly from a 50% blend
sample on a hot stage optical microscope at around 150-160 0 C.
When the sample film was cooled, the turbid film became clear again
visually, but separated PEO spheres in the continuous matrix were
clear through the microscope. Probably the reverse process is
kinetically very slow because of the low mobility of these high Tg
mixtures. More experimental data is needed to explain this behavior
and is currently being collected.



SUMMARY : PEAN forms miscible blends PEAN forms with several
commercial polymers described above. It is noteworthy that PEO,
PEOX and PNVP used in our blends are water soluble polymers. The
excellent thermal stability and good mechanical properties of PEAN
polymers coupled with their high affinity for such water soluble
and/or polar polymers suggest that such blends may find application
as membrane materials.
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Table 1.

Structure intrinsic viscosity*

CN CN

H

1.3 PFAN 0--O N ' 0.37
N CN

CN N
H

1.4 PEAN o 0.40

CN CN
CN Ny

PEA 2H 0.51

* Viscosity wes measured with a Cannon-Ubbelohde viscometer
at 25 'C in DMF.



Figure 1.
Scattering Intensity vs. Temperature
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Figure 4 1,3PEAN/P4VP Blend
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1 ,3PEAN-PEOx Blend

Figure 7.
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